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Abstract. During the analysis of the CR39 Nuclear Track Detectors (NTDs) of the SLIM experiment 
exposed at the high altitude lab of Chacaltaya (Bolivia) we observed a sequence of puzzling etch-pits. We 
'— 1 , made a detailed investigation of all the CR39 and Makrofol detectors in the same stack and in all the stacks 

around the candidate event. We found a second puzzling sequence of etch-pits (plus some single etch- pits). 
The analysis of this configuration was important because we were searching for rare particles (Magnetic 
' Monopoles, Nuclearites, Q-balls) in the cosmic radiation. Thus we analyzed in detail the evolution with 

increasing etching time of the etch-pits. We concluded that the two sequences of the etch-pits (and some 
other background etch-pits) may have originated from a rare manufacture malfunctioning which involved 1 
m 2 of produced CR39. 
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1 Introduction 

.£h ! m the past, a number of magnetic monopole [1-3] and exotic physics [4-7] candidate events 
^ ■ were observed and some results were published [8]. But these results were not confirmed and 
most of them are now neglected. 

In 2006 we observed an unexpected signal, analyzing the upper face of the top CR39 layer 
of stack 7408 of the SLIM experiment [9]. We observed a sequence of etch-pits ("event") on 
the surface along a 20 cm line; each of them looked complicated (and possibly with many 
prongs), see Figs. la,b. For comparison Figs. lc,d show normal tracks from 158 A GeV 
Pb 82+ and 400 A MeV Fe 26+ exposures at the CERN-SPS and at the HIMAC in Japan, 
respectively. 

A program of cross checks was started, analyzing all the CR39 and Makrofol sheets in 
stack 7408, and then in 48 stacks surrounding it, as shown in Fig. 2. 

We found a second sequence of etch-pits ( "event" ) in the bottom layer (top face) of module 
7410 and some isolated etch-pits in other modules. 

Importantly, the "tracks" evolution of this second candidate with continuing etching cast 
further doubts about it. We also found a few single etch-pits which, after a "soft" and 
"strong" etching, look like those shown in Fig. lb. 

These two abnormal event candidates were of a kind never seen before. It has to be 
recalled that the MACRO underground experiment [10, 11] used NTDs similar to those of 
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Figure 1: (a) Global view of the "event" tracks in the LI layer (top surface) of wagon 7408 exposed at 
Chacaltaya from 20-2-01 to 28-11-05 (strongly etched on 9-5-06), (b) Microphotographs of the 22 tracks 
at the top of (a), (c) Tracks of 158 A GeV Pb+ 82 ions and their fragments from a CERN-SPS exposure 
(soft etching), and (d) of 400 A MeV Fe 26+ ions and their fragments from the HIMAC, Japan (strong 
etching) . 



SLIM. We analyzed the MACRO CR39 detectors without finding any similar strange event 
candidate in a total surface area of ~1200 m 2 ; the MACRO NTDs were subject to much 
lower ambient background levels. 

In this paper we report on the analysis of these "strange" event candidates and the 
conclusions reached. We hope that it is of interest to researchers in the field and in the 
interpretation of similar phenomena observed in previous experiments. 

2 Experimental procedure 

The SLIM detector consisted of an array of NTD modules with total sensitive area ~427 
m 2 . Each module was made of 3 layers of CR39 (LI, L3, L6), 3 layers of Makrofol (L2, L4, 
L5), 2 layers of Lexan (L0, L7) and 1 mm layer of aluminum absorber. The area of each 
NTD layer was 24cm x 24cm. The SLIM experiment was exposed for ~4.22 years at the 
Chacaltaya laboratory in Bolivia [9], 5320 m above sea level. 
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Figure 2: Layout of the SLIM modules near module 7408 at Chacaltaya; each module is of 24cmx24cm. 
Note that in the LI layer (top face) of module 7408 we found the first "event", while the second one was 
found in the L6 layer (top face) of module 7410. 

After exposure the full 427 m 2 of NTDs was analyzed. The normal analysis procedure 
was as follows. 

First, the top CR39 foil of each module was etched in a 8N KOH + 1.5% ethyl alcohol 
solution at 75 °C for 30 hours. The addition of alcohol improves the surface quality of the 
detector; but, it raises the detector threshold to Z/f3 ~ 14 [9, 12], corresponding to REL 
(Restricted Energy Loss) ~200 MeV cm 2 g -1 . The scanning was done with a stereo binocular 
microscope with a global magnification G = 16 x. 

Second, if a track candidate was found we etched in a 6N NaOH + 1% ethyl alcohol 
solution at 70 °C for 40 hours the bottom L6 CR39 layer and eventually the intermediate 
foils. These foils were analyzed with a microscope with higher global magnification (500 x) 
[9]. A good candidate event would exhibit aligned etch-pits in all three CR39 foils. The 
Makrofol was planned to be used for confirmation. 

We observed the first strange candidate event on the top surface of the first CR39 sheet 
(LI) of the SLIM module 7408 after strong etching. 

The global view of the ~140 etch-pits ("tracks") comprising the first strange event 
candidate shows that the "tracks" lie in a narrow band roughly 2 cm wide and 20 cm 
long. The first 22 "tracks" (top part of Fig. la) are shown in Fig. lb. 

The measurements of the etch-pit projection length (Lp) and depth (Dp) parameters, 
defined in Fig. 3, were made using a microscope in transmission mode at x20 o fc xl0 oc 
magnification [12, 13]. The etch-pits length (L) and zenith angle (9) were determined using 
the following relations 

L = ^J(Lp) 2 + (Dp) 2 , 6 = [tan- 1 (Lp/Dp)} (1) 
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where the lengths are in microns (with an accuracy of ±1 /xm) and the angles in degrees. 

The refractive index n of the etched sheets was determined by the ratio of the thickness 
measured with a microscope, by focusing on the top and bottom surfaces of the sheet, and 
the thickness measured by a micrometer gauge (TESA). We found n = 1.6. 



Strong etching [12]. The thickness of the CR39 sheets was measured in 9 different positions 
in the detector foil before and after etching. The average original thickness of the LI sheet of 
stack 7408 was 1.4 mm; 220 microns were removed from each side of the sheet at the rate of 
7.2 /im/hr for an etching time of 30 hours. The final average thickness after etching was ~1 
mm. The etching was performed in two large 65 1, temperature controlled, tanks in which 
25 detectors were etched at one time. 

Soft etching [12]. It was performed at a lower temperature, 70 °C, with 6N NaOH + 1% 
ethyl alcohol for a longer time, ~40 hours. 

Measurements of strange event candidate "tracks" were made manually with a microscope 
and also with a fast scanning system comprised of: (i) a low magnification optical system 
mounted on a motor driven vertical stage for focusing; (ii) a motor driven scanning stage 
for horizontal (X-Y) motion; (iii) a digital camera for image grabbing interfaced to a PC 
for image processing; and, (iv) a light source located on the head of the optical system for 
illuminating the sample. Two types of images were taken: (i) "wide field" images of the 
front surface of a NTD sheet; and, (ii) images from the "inside" the plate. A visual library 
formed from these images was used for making observations and also for making histograms 
of various important quantities, such as the track direction and length. The average track 
length is L ~651 /xm, and the average zenith angle is 6 ~38 °. 

Examples of "tracks" analyzed with the stereo microscope are shown in Figs. 1, 4, 5 
and with the fast scanning system in Fig. 6. The photographs made with the fast scanning 
system are of lower quality, but confirm the results obtained with the stereo microscope, and 
yielded an easily accessible visual library. 

CR39 and Makrofol detectors, from the same batches used in SLIM, were exposed to: 
1 A GeV Fe ions from the Alternating Gradient Synchrotron (AGS) at the Brookhaven 
National Laboratory (BNL); 158 A GeV In 49+ and Pb 82+ ions at the CERN Super Proton 
Synchrotron (SPS); and to 400 A MeV Fe 26+ ions at the Heavy Ion Medical Accelerator 
(HIMAC) in Japan [12, 13]. The thickness of each sheet was measured in 25 positions in 
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Figure 3: Sketch of the measured track parameters. 
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the detector foil before and after etching. The etched detectors were measured with an 
automatic image analyzer system [14]. The tracking was performed using the front faces of 
two or more sheets for calibrations and for fragmentation studies [15]. 




Figure 4: Example of "tracks" in the L6 layer (top face) of module 7410: (a) after 30 hours of soft 
etching, (b) after 5 more hours of strong etching, (c) after 4 hours of more strong etching and (d) after 
10 hours of more strong etching. In each photo the global magnification G used is specified. 




Figure 5: Micro photographs of selected tracks of the strange candidate events at a global magnification 
G — 16 x in module 7408 (bottom figures) and in module 7410 (top figures). 



3 The First Strange Event Candidate 

The first strange event candidate in the LI CR39 layer (top face) in module 7408, is shown 
in Fig. 1. Two tracks from this event are also shown in Fig. 5 bottom. The tracks have 
strange shapes and seem to be made up of several prongs with some tracks ending their 
range normally while others have sharp cones at their endings. There were no tracks in the 
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Figure 6: Micro photographs of selected tracks of the strange events made with the fast scanning system 
in module 7408 (bottom figures) and in module 7410 (top figures). 



L3 and L6 CR39 sheets nor in the Makrofol L2, L4, L5 sheets. 

4 The Second Strange Event Candidate 

The second strange event candidate, in the L6 CR39 layer (top face) in module 7410, is shown 
in Figs. 4 and 5. After 30 hours of soft etching we observe (Fig. 4a) at high magnification, 
an unusual structure which is not really a track. It looks like a scratch on the detector top 
surface. We decided to further etch strongly the 7410-L6 layer in short time steps (5 hours) 
and to follow the evolution of the "tracks" after each etching step, systematically taking 
photographs. After 5 h of additional strong etching the "tracks" start to look like those in 
layer LI of module 7408, as can be seen in Fig. 4b. After 4 and 10 more hours of strong 
etching (Figs. 4c, d) the "tracks" are even more similar to those in the LI sheet of module 
7408. 

After soft etching of the L3 and L6 layers of module 7408 we inspected all sheets in 
all the modules located close to 7408. We found at least one small translucent spot on 
one un-etched foil, suggestive of a small piece of transparent material on the surface. This 
background disappeared after the first soft etching. Two other surface defects were cleared 
in the same manner. In the case of three other single surface impurities, observed before 
etching in modules 7325 (L3 top), 7332 (L3 top) and 7339 (L3 top), we noticed that after 
soft and strong etching these defects yielded "tracks" which resemble those seen in Fig. 5. 

5 Discussion and conclusions 

In summary, we found two strange candidate events during the analysis of the CR39 NTDs 
from the SLIM experiment that were exposed at the high altitude laboratory at Chacaltaya 
in Bolivia. 

The first strange event candidate was observed in layer LI of the CR39 top face in module 
7408. In this case there were many etch-pits comprising the event candidate, all of abnormal 
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shape. We made a detailed analysis of all the other layers of module 7408 and no other 
"tracks" were observed in any other layer. 

We also made a detailed analysis of all the modules which surrounded module 7408. 

A second strange candidate event was found in the CR39 layer L6 in module 7410. Again, 
no more "tracks" were found in other layers of the module. A study of the evolution of the 
etch-pits with increased etching time observed in the analysis of the second candidate event 
casts doubts on both candidate events and lends support to the interpretation that these 
candidates were fakes arising from detector defects. 

This conclusion is also supported by the analysis of three other isolated single etch-pits. 

The defects that gave rise to these strange events originated during the manufacture of the 
CR39 polymer. The monomer solution is poured within two casting glass plates separated 
by a gasket. At the end of the curing cycle, when the casting moulds are open, needle-like 
pieces of not perfectly cured material of microscopic size around the gasket could have been 
accidentally deposited on the glass moulds and become a superficial inclusion in the polymer. 

The produced CR39 was laser cut into 24cm x 24cm pieces. The impurities may have 
been embedded in a number of different CR39 detectors. 

Since the 1980's we have analyzed more than 1600 m 2 of CR39 using different etching 
conditions. During this time we did not observe any similar strange event. Thus, if these 
strange candidates are fakes that arise from defects in the plastic, then we have been hit by 
a very rare manufacturing defect involving less than 1 m 2 of CR39 (at a level of less than 
0.03%). 
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